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depths.  The  general  objective  of  the  project  was  to  provide  the  Navy 
with  a  means  of  gathering  geotechnical  data  on  cohesionless  soils  to 
soil  depths  suitable  for  shallow  piles  and  propellant  anchors.  The 
equipment  developed  was  to  be  operable  in  water  to  200  feet  deep  and 
suitable  for  operation  from  small  anchored  barges  and  other  support 
vessels  typical  in  Navy  construction.  The  data  provided  from  the  elec- 
trical  friction  cone  on  the  device  was  to  be  suitable  for  measuring  soil 
strength  and  for  soil  classification. 

Approximately  60  penetration  tests  were  performed  in  various  areas: 
in  Norton  Sound,  Alaska;  off  Port  Hueneme,  Calif.;  in  San  Francisco 
Bay,  Calif.;  and  off  Coronado,  Calif.  The  data  from  some  of  these  are 
presented  in  this  report  and  data  of  this  type  can  be  directly  applied 
to  pile  design  using  established  methods.  They  are  also  suitable  for 
selecting  appropriate  anchors  and  evaluating  anchor  performance.  This 
development  was  funded  by  the  Naval  Facilities  Engineering  Command. 


BACKGROUND 

The  Navy  is  responsible  for  constructing  a  variety  of  facilities  in 
the  nearshore  and  continental  shelf  regions  (i.e. ,  in  water  depths  to 
1,000  feet).  These  include  small  to  moderate- si  zed  pile-supported 
platforms  and  pile-supported  piers  and  elevated  causeways,  as  well  as 
various  types  of  moorings  incorporating  pile,  direct- embedded,  or  con¬ 
ventional  drag-embedded  anchors.  Knowledge  of  geotechnical  properties 
of  cohesionless  materials,  correctable  to  end-bearing-capacity  factors, 
skin-friction-capacity  factors,  horizontal  subgrade  reaction  moduli,  and 
other  data  is  required  for  the  design  of  these  facilities.  For  the 
majority  of  Navy  situations,  it  is  adequate  to  limit  the  soil  depth  of 
geotechnical  property  determination  to  40  feet.  This  choice  of  depth 
was  based  on  the  depth  of  shallow  piles  used  in  Navy  operations  such  as 
for  the  elevated  causeway  system  (ELCAS)  and  the  depth  of  embedment  of 
propellant-embedment  anchors. 

At  the  initiation  of  this  work,  systems  capable  of  measuring  the 
required  parameters  and  of  reaching  subbottom  penetrations  to  40  feet  in 
sands  required  use  of  either  (1)  a  borehole,  (2)  diver-operated  or 
remotely  operated  heavy  equipment,  or  (3)  coring  and  property  estima¬ 
tion.  These  systems  are  undesirable  for  Navy  use  for  several  reasons. 
For  instance,  the  major  disadvantages  of  making  a  borehole  are  that  the 
process  is  time-consuming  and  expensive  and  requires  special  drill  ships 
or  at-sea  platforms  to  complete  the  work. 
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For  the  second  method,  equipment  that  can  perform  cone  penetration 
tests  to  40  feet  from  bottom- resting  platforms,  are  available  but  are 
very  heavy  —  40,000  pounds;  Seacalf  and  Stingray  are  two  examples. 
Seacalf  can  operate  independently  of  a  drilling  platform  but  requires  a 
special  handling  system  and  heave  compensators.  Stingray  is  used  to 
control  a  drill  string  and,  therefore,  is  much  like  testing  out  of  a 
borehole.  Smaller  bottom- resting  equipment  are  available  such  as  MITS 
(Multipurpose  In-situ  Testing  System)  but  are  not  capable  of  40-foot 
penetrations. 

Coring  of  cohesionless  soils  to  40- foot  soil  depths  is  possible 
with  vibracorers  weighing  only  a  few  tons.  However,  the  highly  dis¬ 
turbed  samples  are  not  suitable  for  measuring  strength  properties. 
Consequently,  the  properties  must  be  guessed  or  estimated  by  rough  rules 
of  thumb  which  are  less  than  desirable  procedures  and  will  not  lead  to 
confidence  in  a  design. 

To  achieve  a  suitable  way  of  evaluating  cohesionless  soils,  the 
Naval  Civil  Engineering  Laboratory  (NCEL)  first  considered  use  of  an 
instrumented  vibracorer  barrel  to  measure  cohesionless  sediment  prop¬ 
erties.  A  special  instrumented  barrel  was  fabricated  that  measured 
driving  force,  soil  resistivity,  and  skin  friction  at  several  points 
along  the  barrel  while  taking  a  core.  The  idea  was  to  use  these  in-situ 
measurements  to  control  laboratory  reconstitution  of  samples  that  would 
be  extensively  tested.  Unfortunately,  when  the  barrel  was  tested,  the 
sensors  were  found  to  be  easily  damaged.  Also,  the  data  acquired  were 
difficult  to  analyze  (Lee,  1979).  At  this  point,  after  a  re-evaluation 
of  candidate  exploration  techniques,  it  was  decided  that  the  use  of 
established  in-situ  sensors  was  preferable  even  if  a  special  bottom¬ 
resting  platform  needed  to  be  developed  to  conduct  the  test  (Lee,  1979). 

Two  possibilities  existed:  the  standard  penetration  test  (SPT)  and 
the  cone  penetration  test  (CPT).  The  SPT  is  performed  by  dropping  a 
140-pound  weight  30  inches  (in  air)  onto  a  split-spoon  sampler  and 
counting  the  blows  required  to  drive  the  spoon  1  foot  into  the  bottom  of 
a  drilled  hole  after  6  inches  of  initial  penetration.  Because  of  the 
empirical  nature  of  the  SPT  any  change  from  this  procedure  negates  the 
wealth  of  data  that  has  been  developed  correlating  blow  count  to  soil 
properties.  The  SPT  is  designed  to  be  performed  in  boreholes;  therefore 
the  objections  that  apply  to  drilling  operations  apply  to  the  SPT. 

The  CPT,  on  the  other  hand,  does  not  require  a  borehole.  In  this 
test,  a  cylindrical  probe  with  a  conical  tip  is  pushed  into  the  soil  at 
a  uniform  rate  of  0.02  m/sec  or  less.  The  probe  is  instrumented  to 
measure  the  force  on  the  tip  of  the  cone  and  the  friction  on  the  side 
wall  of  the  probe.  The  CPT  provides  detailed,  continuous,  and  repeat- 
able  information  on  a  site  and  is  well -suited  to  solving  many  geotech¬ 
nical  design  problems.  Two  disadvantages  are  that  a  large  force  is 
required  to  push  the  probe  to  desired  depths,  and  no  sample  is  obtained 
for  inspection.  However,  the  advantages  outweighed  the  disadvantages, 
and  the  CPT  was  chosen  as  the  testing  device  to  be  developed  to  satisfy 
the  Navy's  need  for  reliable  data  on  cohesionless  soils. 


CPT  PRACTICE 


The  cone  penetration  test  was  first  introduced  in  Europe  about 
50  years  ago,  but  only  in  the  last  decade  has  its  use  in  the  United 
States  become  popular.  Initial  application  was  in  design  of  piles. 
Increased  sophistication  of  the  CPT,  particularly  the  development  of  the 
electrical-friction  cone,  has  led  to  greater  use  of  CPT-obtained  data. 

A  recent  advancement  has  been  the  piezocone,  which  measures  pore 
water  pressure  response  in  addition  to  the  mechanical  response  of  the 
soil.  Pore  pressures  are  generated  during  penetration  in  the  soil  pore 
water  that  are  recorded  as  part  of  the  cone  pressure.  Being  able  to 
record  this  pore  pressure  and  use  it  to  make  corrections  during  the 
analysis  of  CPT  data  are  especially  important  in  soft  soils  and  offshore 
sands. 

Interpretation  of  piezocone  data  is  an  active  area  of  research. 
The  presentation  of  CPT  practice  in  this  report  is  limited  to  the  inter¬ 
pretation  of  electrical-friction  cone  data  and  the  application  of  the 
data  to  geotechnical  designs.  Areas  of  interest  are  briefly  discussed 
in  terms  of  data  interpretation  and  geotechnical  design.  As  will  be 
noted,  interpretation  and  use  of  CPT  data  are  different  for  sandy  and 
clayey  soils.  Details  of  data  interpretation  and  use  of  the  data  for 
design  are  presented  in  the  Appendix. 

Data  Interpretation 

The  data  gathered  during  a  CPT  are  the  cone  pressure  and  side 
friction.  Values  for  these  items  are  influenced  by  many  variables, 
including  soil  type,  density,  fabric,  and  stress  states,  among  others. 
No  single  unique  theoretical  relationship  relates  all  the  variables  to 
the  cone  data,  but  theories  have  led  to  better  understanding  and  inter¬ 
pretation  of  CPT  data.  However,  empirical  relationships  are  still  the 
primary  means  of  interpreting  test  results. 

Soil  Classification.  Efforts  to  classify  soils  from  CPT  data  were 
first  reported  by  Begemann  (1965).  He  found  that  the  ratio  of  sleeve 
friction  to  cone  pressure  correlated  well  to  median  grain  diameter.  His 
findings  have  been  confirmed  and  improved  by  other  researchers  (see 
Reference  list).  Today,  soil  classification  charts  are  used  widely  to 
identify  soil  types,  and  these  charts  are  being  expanded  to  describe  and 
classify  problem  soils,  such  as  carbonates.  These  charts  are  dependent 
on  cone  type;  a  chart  recommended  by  Martin  and  Douglas  (1981)  for 
electrical-friction  cone  is  given  in  the  Appendix. 

Relative  Density.  Relative  density  of  sands  is  estimated  from  cone 
pressure  data.  However,  caution  is  warranted  because  the  cone  pressure 
data  are  affected  by  other  factors  such  as  overburden  pressure.  Recent 
research  has  shown  that  a  much  better  interpretation  of  relative  density 
can  be  made  if  at  least  one  triaxial  shear  test  is  performed  to  define 
the  relationship  of  relative  density  to  friction  angle  for  a  particular 
soil.  A  graph  of  relative  density  as  a  function  of  cone  pressure  and 
overburden  pressure  (Schmertmann,  1978)  is  presented  in  the  Appendix. 
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Friction  Angle.  Friction  angle  is  proportional  to  relative  density 
for  a  given  sand.  The  Appendix  presents  two  charts  (Figures  27  and  28) 
for  estimating  friction  angle.  The  one  by  Schmertmann  (1978)  uses 
relative  density  as  an  intermediate  parameter  to  estimate  friction  angle 
as  a  function  of  soil  type  and  relative  density.  The  other  (Mitchell  et 
al.,  1978)  represents  the  practice  in  the  Union  of  Soviet  Socialist 
Republics  and  presents  friction  angle  as  a  function  of  cone  pressure  and 
overburden  pressure. 

Undrained  Shear  Strength  of  Clay.  The  undrained  strength  of  clay 
is  back-calculated  from  the  cone  pressure  by  applying  the  bearing  capa¬ 
city  equation.  The  difficulty  lies  in  choosing  an  appropriate  bearing 
capacity  factor.  The  Appendix  discusses  this  problem  and  provides 
guidance  for  selecting  a  bearing  capacity  factor. 

Other  Properties.  The  remolded  strength,  sensitivity,  and  overcon¬ 
solidation  of  clays  can  also  be  estimated,  but  with  less  reliable 
results  than  undrained  shear  strength  discussed  in  the  preceding  para¬ 
graph.  Compression  moduli  for  both  clays  and  sand  can  be  estimated. 
The  determination  of  these  properties  is  discussed  in  the  Appendix,  but 
the  full  development  of  the  procedures  is  beyond  the  scope  of  this 
report. 

Geotechnical  Design 


Many  different  procedures  have  been  developed  for  making  geotech¬ 
nical  designs  from  CPT  data.  Each  has  its  advantages,  disadvantages, 
and  a  particular  application  where  it  is  most  suitable.  Schmertmann 
(1978)  prepared  an  extensive  set  of  design  guidelines  for  CPT  data,  and 
his  work  is  often  referenced.  The  procedures  given  in  the  Appendix  have 
been  extracted  for  the  most  part  from  Schmertmann1 s  work. 

Pile  Design.  Schmertmann  recommends  the  "Dutch"  procedure  for 
estimating  pile  end  bearing  and  the  procedure  of  Nottingham  (1975)  for 
estimating  side  friction.  These  procedures  are  explained  in  the  Appen¬ 
dix  along  with  recommendations  on  how  factors  of  safety  should  be 
applied  to  the  results.  The  reader  is  also  referred  to  Schmertmann 
(1978a)  for  methods  used  to  analyze  tapered  piles,  different  shaped 
piles,  and  the  effects  of  insertion  methods. 

Bearing  Capacity.  Bearing  capacity  in  sand  requires  estimating 
bearing  capacity  factors  from  the  CPT  data  and  applying  them  to  the 
Terzaghi  bearing  capacity  equation.  In  clays,  the  cone  pressure  is  used 
directly  to  estimate  bearing  capacity.  The  procedures  and  recommended 
factors  of  safety  are  given  in  the  Appendix. 

Settlement.  Settlement  calculations  for  footings  on  sand,  with  CPT 
data  as  the  basis,  are  quite  adequate.  For  footings  over  clays,  the 
results  are  more  uncertain.  The  procedure  for  making  settlement  esti¬ 
mates  are  not  given  in  the  Appendix  because  of  their  complexity  and 
thus,  exceed  the  scope  of  this  report. 
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Pile  Drivability.  Drivability  of  piles  has  been  correlated  to  cone 
pressure.  One  correlation  was  developed  by  DeRuiter  and  Beringen  (1979) 
and  is  given  in  Appendix. 


APPROACH 

After  the  decision  to  develop  a  platform  for  performing  penetration 
tests  was  set,  the  operational  requirements  were  set  at  40  feet  of 
penetration  into  uncemented  sands,  silts,  and  soft- to-medi urn  clays  at  a 
maximum  water  depth  of  200  feet.  Forty  feet  of  penetration  in  these 
soils  was  chosen  because  it  was  sufficient  for  designing  the  common 
shallow  piles  used  in  Navy  operations  (e.g. ,  ELCAS)  and  would  satisfy 
most  of  the  requirements  in  propellant-embedded  anchor  work.  The 
200-foot  water  depth  represented  the  design  depth  limit  of  many  NCEL- 
developed  shallow  water  systems,  such  as  the  Offshore  Bulk  Fuel  System 
(OBFS),  and  therefore  seemed  to  be  a  logical  depth  limit  for  this 
experimental  device.  Also,  within  this  depth  limit,  difficulties  in 
transmitting  data  and  providing  power  to  the  device  were  minimized. 
Another  requirement  in  the  project  was  that  the  tool  be  operable  from 
the  type  of  Navy-owned  vessel  typically  available.  This  vessel  is 
usually  a  small  barge  with  a  deck-mounted  crane.  Also,  this  constraint 
in  effect  limited  the  weight  of  the  tool  to  about  10,000  pounds. 

The  first  step  in  developing  this  tool  was  to  generate  a  conceptual 
design  conforming  to  these  operational  limits.  Woodward-Clyde  Consul¬ 
tants  (1980)  was  contracted  to  do  the  design.  Their  first  thought  was 
simply  to  extend  the  capabilities  of  an  already  developed  cone  penetrom¬ 
eter.  However,  it  was  apparent  that  the  reaction  required  to  push  a 
cone  40  feet  into  sand  would  be  about  30,000  pounds.  This  posed  two 
problems.  First,  to  provide  the  reaction  by  self-weight  would  violate  a 
design  provision;  weight  was  limited  to  10,000  pounds.  Second,  the  rod 
used  to  push  the  cone  would  be  susceptible  to  buckling  under  such  loads. 
As  alternatives  to  pure  mechanical  insertion  of  the  cone,  vibration  and 
water- jet-assisted  mechanical  insertion  were  studied.  Vibration  was 
eliminated  because  of  concern  that  the  40-foot  penetration  would  not  be 
obtained  and  that  the  cone's  sensors  would  be  damaged.  The  water- jet- 
assisted  penetration  appeared  promising  because  there  was  experience  in 
water  jet  penetrations  to  the  necessary  depth. 

This  concept  was  further  developed  by  analyzing  the  hydraulics  of 
jetting  and  the  cone  rod  design.  The  configuration  believed  to  be  most 
viable  was  a  vibracorer-type  frame  with  a  remotely  controlled  chain- 
driven,  water- jet-assisted  cone  penetrometer  (Figure  1). 

The  conceptual  design  of  the  device  was  moved  to  final  design  and 
fabrication  by  Fugro-Gulf,  Inc.  (1981).  This  device,  called  the  XSP 
(for  experimental  static  penetrometer),  is  the  subject  of  this  report. 
It  is  described  in  detail,  operational  procedures  are  presented,  and  the 
results  of  its  evaluation  are  given.  Procedures  for  interpreting  CPT 
data  and  using  it  with  geotechnical  designs  are  given  in  the  Appendix. 
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EQUIPMENT  DESCRIPTION 


The  XSP  (Figure  2)  is  a  static  cone  penetrometer  consisting  of  two 
major  components:  a  50-foot  tall,  10,000-pound  structure  containing  the 
cone  penetrometer  and  an  instrumentation  console.  In  operation,  the 
structure  is  set  on  the  seafloor  to  perform  a  cone  penetrometer 
sounding,  while  the  instrumentation  console  located  on  the  ship's  deck 
is  used  to  control  and  monitor  the  sounding  and  record  the  data.  The 
data  are  later  analyzed  to  determine  soil  characteristics  and  design 
parameters. 

The  structure  is  composed  of  a  structural  frame,  a  cone  penetrom¬ 
eter,  a  drive  mechanism  for  the  cone  penetrometer,  and  a  water- jetting 
system  for  assisting  penetration.  The  water  jet  is  a  feature  not  found 
on  any  other  cone  penetrometer.  The  structure's  components  and  the 
instrumentation  console  are  described  in  the  following  sections. 

Structural  Frame 


The  steel  structural  frame  (Figure  2)  supports  the  cone  penetrom¬ 
eter  and  provides  a  place  to  mount  the  motor  and  driving  mechanism. 
This  frame  has  three  main  structural  parts:  a  square,  table- like  base; 
four  support  legs  attached  to  the  base  with  steel  pins;  and  a  tall, 
central  H-beam  bolted  to  the  base.  The  base  is  approximately  4  ft2  and 
3  feet  tall.  Mounted  on  the  top  of  the  base  are  the  electrical  junction 
box  to  which  all  the  electrical  cables  connect,  the  motor,  and  the  gear 
box.  On  the  bottom  of  the  base  is  a  space  to  add  1  ton  of  steel  plate 
ballast.  The  legs  are  sturdy  frames  4  feet  wide  and  8  feet  long,  pinned 
in  place  on  the  base.  One  of  these  legs  is  easily  collapsed  so  it  will 
fold  up  while  pinned  in  place,  allowing  the  structure  to  be  either  laid 
down  on  a  ship's  deck  or  hung  close  against  the  side  of  a  ship.  Since 
all  four  legs  are  similarly  pinned  to  the  base,  this  collapsible  leg  can 
be  placed  on  any  side  of  the  base,  depending  on  how  the  XSP  will  be 
placed  on  and  deployed  from  the  support  vessel.  All  of  the  legs  can 
also  be  unpinned  at  the  top  of  the  base  and  stretched  out  along  the  beam 
to  make  the  structure  more  compact  for  shipping.  The  20-foot  span 
across  the  legs  provide  a  stable  base  for  the  upright  structure.  The 
total  bearing  area  provided  by  the  bottom  of  the  base  and  the  pads  on 
each  leg  is  sufficient  to  support  the  structure  on  a  very  soft  clay 
(about  0.5-psi  shear  strength).  A  central  H-beam  supports  the  push  rods 
and  parts  of  the  rod's  driving  mechanism.  The  height  of  the  H-beam  can 
be  changed  to  allow  the  XSP  to  operate  in  either  a  40-foot  or  20-foot 
soil  penetration  mode,  in  which  the  XSP  stands  50  and  30  feet  tall, 
respectively. 

Cone  Penetrometer 


The  cone  penetrometer  (Figure  2)  consists  of  two  components:  the 
push  rods  and  the  cone  unit.  The  latter  contains  the  electrical  cone 
penetrometer  tip.  The  push  rods  are  10-foot  sections  of  Acker 
2-1/4-inch  00  AW  flush-joint  drill  casing.  Four  push  rods  are  used  in 
the  40-foot  mode  and  two  in  the  20-foot  mode.  The  waterproof  electrical 
cord  to  the  cone  unit  runs  inside  the  rods. 


water 


pump 
(on  ik-ek> 


Attached  to  the  lower  end  of  the  push  rods  is  the  cone  unit 
(Figure  3).  The  cone  unit  contains  the  jetting  nozzle,  upper  sounding 
rod,  jetting  friction  sleeve,  lower  sounding  rod,  and  the  electric 
penetrometer  tip.  This  tip  consists  of  a  cone  and  a  friction  sleeve. 
The  XSP  penetrometer  tip  is  a  5-ton  Fugro  Wison  Cone. 

The  jetting  nozzle  will  be  discussed  in  more  detail  in  the  section 
entitled  Water  Jetting  System.  Basically,  water  is  pumped  through  the 
push  rods  and  out  the  jetting  nozzle.  The  water  coming  out  the  jetting 
nozzle  is  aimed  back  up  the  outside  of  the  push  rods  to  fluidize  the 
soil  and  ease  penetration  of  the  push  rods. 

The  upper  sounding  rod  is  a  watertight  structural  connection 
between  the  jetting  nozzle  and  jetting  friction  sleeve  and  it  creates  a 
separation  between  the  waterjets  and  jetting  friction  sleeve.  This 
sleeve  is  a  strain-gaged  section  used  to  measure  differences  in  the 
friction  caused  by  the  jetting  water  near  the  jets  and  the  friction  at 
the  friction  sleeve  on  the  electric  penetrometer  tip. 

The  lower  sounding  rod  is  both  a  structural  connection  and  separa¬ 
tor  between  the  jetting  friction  sleeve  and  the  electric  penetrometer 
tip.  In  the  penetrometer  tip,  strain  gages  are  used  to  measure  pressure 
on  the  cone  and  friction  on  the  sleeve  3  inches  above  the  cone.  The 
signals  from  the  cone  and  the  friction  sleeve  are  amplified  and  trans¬ 
mitted  up  the  cone  cable  and  ultimately  to  the  surface  instrumentation 
console. 

Instrumentation  Console 


The  instrumentation  console  (Figure  4)  contains  the  controls  for 
the  XSP,  monitors  the  sounding  process,  and  records  the  data.  This 
console,  about  4  feet  tall  and  2  feet  square,  is  housed  in  a  fiberglass 
case.  A  power  cable  connects  the  console  to  a  208-volt,  3-phase  AC, 
30-ampere  power  source.  The  console  is,  in  turn,  connected  to  the 
junction  box  on  the  XSP's  base  by  an  underwater  umbilical  cable.  From 
the  junction  box,  cables  lead  to  the  motor,  depth  encoder,  and  the  cone 
unit.  The  console  also  has  readouts  for  two  electronic  pendulums 
located  inside  the  junction  box.  The  pendulums  detect  structure  tilt  in 
two  vertical  planes  rotated  90  degrees  from  each  other.  Signals  from 
these  devices  on  the  XSP  are  amplified  and  scaled  for  output  to  the 
panel  meters  and  recorder.  The  major  control  on  the  console  is  an 
UP-STOP-DOWN  switch  for  the  driving  mechanism  and  the  cone  penetrometer. 
There  are  digital  readouts  for  the  cone  pressure,  cone  pressure  and 
friction  sleeve,  friction  sleeve,  jetting  friction  sleeve,  and  depth  of 
soil  penetration.  Electronically,  the  cone  and  friction  are  measured 
together  and  then  the  cone  is  subtracted  to  display  the  friction.  Other- 
gages  provide  readouts  for  the  manually  controlled  24-hour  clock,  tilt, 
gages,  a  voltmeter,  and  an  ammeter.  The  cone  pressure,  cone  friction 
sleeve,  and  jetting  friction  sleeve  are  recorded  on  a  Watanabe  strip 
chart  recorder  as  a  function  of  depth. 
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Figure  4.  Instrumentation  console  for  XSP  system. 


Drive  Mechanism 


The  driving  mechanism  pushes  the  cone  penetrometer  into  the  sea¬ 
floor.  This  mechanism  is  composed  of  a  1-hp  motor  and  gearbox  on  the 
base,  twin  drive  chains  along  the  sides  of  the  beam,  and  a  guide  track 
and  bracing  system  for  the  push  rods  along  the  front  of  the  beam 
(Figure  2).  The  drive  chains  are  connected  to  a  header  block  at  the  top 
of  the  push  rods.  The  block  slides  along  a  track  mounted  on  the  front 
of  the  beam.  The  push  rods  are  supported  and  guided  along  the  track  by 
spacer  blocks.  When  the  cone  control  switch  is  flipped  to  DOWN,  the 
motor  drives  the  chains  which  steadily  push  the  header  block  and,  con¬ 
sequently,  the  cone  penetrometer  downward.  The  depth  of  penetration  is 
measured  by  a  depth  encoder  on  the  side  of  the  beam  which  is  gear-driven 
by  one  of  the  drive  chains. 

Water- Jetting  System 

The  water- jetting  system  on  the  XSP  is  a  unique  feature.  The 
jetting  system  consists  of  the  jetting  nozzle  on  the  upper  end  of  the 
cone  unit,  water  hoses,  and  an  on-deck  water  pump.  The  components  are 
shown  in  Figure  2.  Seawater  is  pumped  through  hoses  to  the  header 
block,  where  it  is  directed  down  through  the  push  rods  and  out  and 
upward  from  the  jetting  nozzle.  The  purpose  of  the  jetting  is  to  flu¬ 
idize  the  soil  adjacent  to  the  push  rods  to  reduce  soil  friction  and 
ease  penetration.  If  too  much  water  and  pressure  are  used,  the  jetting 
can  adversely  affect  the  penetration  data;  this  condition  will  be 
detected  by  a  difference  in  the  two  friction  sleeve  readings.  Experi¬ 
ence  has  shown  that  50  gpm  at  50  psi  does  not  influence  the  cone 
readings  in  a  variety  of  mixed  soils  and  sands.  Jetting  is  not  needed 
to  achieve  maximum  penetration  in  most  clays. 


EQUIPMENT  OPERATION 

To  operate  the  XSP,  the  equipment  must  be  assembled  and  the  opera¬ 
ting  mechanisms  checked  out.  After  checkout  the  equipment  is  laid  on 
the  support  vessel  and  transported  to  the  location  for  the  first 
sounding.  The  vessel  is  anchored  or  otherwise  held  stationary  as  the 
XSP  structure  is  deployed  and  the  cone  penetrometer  pushed  into  the  soil 
while  the  console  records  the  data.  The  process  of  inserting  the  cone 
penetrometer  into  the  soil  is  often  referred  to  as  a  sounding.  The 
deployment,  operating,  and  data  acquired  by  the  XSP  are  described  in  the 
following  sections. 

Deployment 

The  XSP  can  be  deployed  in  either  of  two  ways:  it  can  be  stood  up 
and  deployed  from  the  ship's  deck  with  a  crane,  which  depends  on  deck 
space  and  the  type  of  lifting  equipment  available,  or  it  can  be  deployed 
from  a  hanging  position  along  the  side  of  the  vessel.  To  lay  the  XSP  in 
the  40- foot  mode  down  on  the  deck  for  transit  to  the  test  site,  a  tri¬ 
angular  space  50  feet  long  with  a  20-foot  base  must  be  available,  along 
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Figure  5.  XSP  in  40-foot  mode  lying  on  deck  of  an  LCU. 

If  the  XSP  cannot  be  deployed  in  this  manner,  then  the  structure 
can  be  hung  horizontally  from  a  pair  of  davits  along  the  side  of  the 
support  vessel  (Figure  7).  For  deployment,  the  base  is  lowered  from  its 
davit  until  the  structure  is  upright;  then  it  is  transferred  to  the 
lowering  line  and  placed  on  the  seafloor. 

Operation 

At  the  sounding  location,  the  support  vessel  must  be  anchored  or 
otherwise  held  stationary  during  the  sounding  operation.  Once  the  XSP 
structure  is  deployed  and  sitting  on  the  seafloor,  the  water  pump  is 
started  up  to  initiate  the  jetting  system  if  it  is  to  be  used  for  the 
sounding,  and  the  instrumentation  is  zeroed  at  the  console. 

If  any  slope  to  the  seafloor  exists,  the  initial  position  of  the 
tilt-gage  needles  should  be  noted.  The  cone  penetrometer  is  started 
down  for  a  sounding,  and  its  progress  is  monitored  by  observation  of  the 
strip  chart  recordings  and  the  ammeter  and  tilt  gages.  A  movement  of 
either  tilt  gage  indicates  that  the  cone  has  met  refusal.  The  cone 
penetrometer  must  be  stopped  immediately  and  retracted.  Because  the 
cone  is  no  longer  penetrating  the  soil,  continued  operation  of  the 
driving  mechanism  will  cause  the  structure  to  crawl  up  the  push  rods. 
Eventually,  the  frame  will  tilt,  and  the  cone  unit  and  extended  push 
rods  will  be  broken  off  and  lost. 
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XSP  in  the  40- foot  mode  being  deployed  by  crane  from  deck 
of  NCEL  Ocean  Research  Craft  (ORC). 
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When  the  sounding  has  been  completed  or  refusal  met,  the  cone  is 
retracted.  The  structure  can  then  be  either  moved  over  slightly  to 
repeat  the  sounding  for  comparison  or  brought  back  on  board  before 
moving  to  a  new  sounding  location. 


Data  Acquired 


The  data  from  the  cone  pressure,  friction  sleeve,  and  jetting 
friction  sleeve  for  one  sounding  as  recorded  by  the  strip  chart  recorder 
are  shown  in  Figure  8.  Measurements  are  all  recorded  in  kilograms  per 
square  centimeter.  The  magnitude  of  the  chart  scales  can  be  varied  for 
different  soils  by  changing  the  millivolt  settings  on  the  strip  chart 
recorder.  The  depth  scale  is  dependent  upon  the  chart  speed,  which  can 
be  set  by  chart  controls  or  controlled  by  the  depth  encoder. 


TEST  PROGRAM 

The  testing  of  the  XSP  had  two  objectives.  The  primary  one  was  to 
evaluate  the  jetting  system  in  terms  of  its  effectiveness  in  allowing 
deeper  seafloor  penetration  and  its  effect  on  the  data.  A  secondary 
objective  was  to  perform  a  general  evaluation  by  testing  the  penetrom¬ 
eter  in  different  soil  types.  To  meet  these  objectives  field  tests  have 
been  conducted  with  the  XSP  in  Norton  Sound,  Alaska;  near  Port  Hueneme, 
Calif.;  in  San  Francisco  Bay,  Calif.;  and  near  Coronado,  Calif.  The  XSP 
test  sites  are  shown  in  Figure  9. 

The  Norton  Sound  tests  were  conducted  in  conjunction  with  the  U.S. 
Geological  Survey  (USGS).  USGS's  purpose  in  conducting  these  tests  was 
to  provide  quantitative  geotechnical  information  on  the  behavior  of  a 
variety  of  marine  sediments  that  may  be  involved  in  processes  (such  as 
gas  charging,  wave-induced  liquefaction,  and  ice  gouging),  potentially 
hazardous  to  offshore  development.  For  the  Navy,  these  tests  provided 
an  opportunity  to  evaluate  the  jetting  system  at  a  site  with  dense 
sands.  The  Port  Hueneme  tests  were  conducted  to  evaluate  the  jetting 
system  in  mixed  soils  (over  20%  each  of  sand,  silt,  and  clay)  and  to 
provide  data  to  a  project  evaluating  propellant-embedded  anchor  holding 
capacity.  The  XSP  data  can  be  used  to  calculate  the  undrained  shear 
strength  of  the  soil  which  is  a  parameter  in  the  equation  for 
propellant-embedded  anchor  holding  capacity.  The  San  Francisco  Bay 
tests  were  conducted  to  evaluate  the  XSP  in  a  "mud"  seafloor  and  to 
provide  additional  data  on  the  anchor  holding  capacity  project.  The 
Coronado  tests  were  conducted  to  evaluate  the  water  jet.  The  data  were 
used  by  another  project  to  determine  the  depth  at  which  a  layer  of  hard 
material,  possibly  cobbles,  exists  at  this  site. 
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DATA  REDUCTION 


The  data  from  the  strip  chart  recordings  (Figure  8)  were  digitized 
and  used  to  calculate  the  friction  ratio,  which  is  the  ratio  between  the 
sleeve  friction  and  the  cone  pressure.  This  friction  ratio  is  usually 
expressed  as  a  percent.  The  cone  pressure  and  friction  ratio  data  were 
then  plotted  as  a  function  of  depth.  Examples  of  these  plots  are  given 
in  Figures  10  and  11.  Before  forming  the  friction  ratio,  the  sleeve 
friction  and  cone  pressure  readings  were  corrected  to  a  common  depth 
point  by  assuming  that  the  measured  cone  pressure  represents  the 
behavior  of  sediment  at  the  cone  tip  and  that  the  friction  stress  repre¬ 
sents  behavior  at  the  center  of  the  friction  sleeve  which  is  3  inches 
above  the  cone.  Using  these  plots,  soil  profiles  were  developed  over 
the  depths  of  penetration  using  Figure  12  (a  chart  of  soil  type  as  a 
function  of  cone  pressure  and  friction  ratio).  This  chart  was  derived 
by  Martin  and  Douglas  (1981)  for  determining  stratigraphy  from  data 
taken  with  electrical  friction  cover.  Details  on  reducing  the  data  are 
provided  in  the  Appendix. 


TEST  RESULTS 
Norton  Sound,  Alaska 


During  the  summer  of  1981,  a  total  of  40  soundings  were  made  with 
the  XSP  in  the  20- foot  mode  at  the  Norton  Sound  test  site  off  the  west 
coast  of  Alaska.  National  Oceanic  and  Atmospheric  Administration's 
(NOAA)  ship  R/V  DISCOVERER  was  used  as  the  support  vessel.  In  deploy¬ 
ment  from  this  ship,  the  XSP  was  hung  horizontally  over  the  side  of  the 
ship  from  a  pair  of  davits  (Figure  7). 

All  of  the  soundings  were  made  without  jetting  because  the  cone 
unit  with  the  jetting  nozzle  was  broken  off  and  lost  on  the  first 
sounding.  The  backup  cone  (a  penetrometer  tip  only)  was  fitted  to  the 
push  rods  and  used  to  perform  the  remaining  soundings.  With  this  pene¬ 
trometer  tip,  water  jetting  was  not  possible  because  the  cone  unit  was 
not  complete  because  it  did  not  contain  a  jetting  nozzle  (see  Figure  3). 
No  problems  were  encountered  while  performing  the  remaining  39 
soundings. 

The  soils  encountered  at  the  test  site  were  very  dense,  limiting 
penetration  to  between  1.6  and  12  feet.  Multiple  soundings  were  made  at 
most  sounding  locations,  and  the  data  were  consistent  between  replicate 
soundings.  Most  of  the  sounding  locations  were  also  subsequently 
sampled  with  a  vibratory  corer  and  these  cores  compared  well  with  the 
XSP  data. 

Within  the  test  site,  five  areas  were  selected  for  the  XSP 
soundings.  These  areas,  shown  in  Figure  13a,  were  selected  to  provide 
coverage  of  the  Norton  Sound  area  and  to  cover  in  some  detail  areas  that 
may  be  involved  in  processes  potentially  hazardous  to  offshore  develop¬ 
ment.  These  potential  geologic  hazards  --  gas  charging,  wave-induced 
1 iqui faction,  and  ice  gouging  —  were  first  detected  by  high  resolution 
seismic  profiling,  side  seam  sonar,  and  geochemical  and  geological 
evaluation  of  soil  cores.  Reliable  in-situ  data  were  needed  to  quanti¬ 
tatively  evaluate  the  hazard  potential;  thus  the  XSP  was  used. 


Cone  Pressure  (kg/ern^) 

Sounding  2:  cone  pressure  and  friction  ratio  (no  jetting) 

Plot  of  cone  pressure  and  friction  ratio 
versus  depth  for  XSP  sounding  2  done 
without  using  the  jetting  system 
offshore  Port  Hueneme. 
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Sounding  4;  cone  pressure  and  friction  ratio  (jetting) 

Plot  of  cone  pressure  and  friction  ratio 
versus  depth  for  XSP  sounding  done  with 
the  jetting  system  at  the  same  location 
as  the  test  shown  in  Figure  10. 
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Four  of  the  40  soundings  (see  Figure  14)  will  be  discussed  in  more 
detail.  The  sounding  plots  are  shown  in  Figure  15.  The  classification 
of  the  sediment  from  these  four  soundings  is  shown  in  Figure  16.  These 
classifications  agree  reasonably  well  with  classifications  made  on 
vibracore  samples.  The  first  sounding  (Figure  15a)  was  within  an  acous¬ 
tically  identified  gas-charged  sediment.  Low  strength  sediments  due  to 
gas  charging  may  be  more  vulnerable  to  scour  and  storm-wave- induced 
shearing  stresses.  The  second  (Figure  15b)  was  0.6  miles  west  of  the 
first  and  just  out  of  the  gas-charged  sediment  area.  The  drops  in  cone 
pressure  seen  in  Figure  15a  corresponded  with  gas-charged  zones  in  the 
sediment  identified  from  vibracores.  The  slight  difference  between  the 
peak  envelopes  of  cone  pressure  in  Figures  15a  and  15b  may  be  a  result 
of  somewhat  lower  effective  stresses  in  the  lighter  gas-charged  mate¬ 
rial.  The  soundings  shown  in  Figures  15c  and  15d  are  from  the  Yukon 
prodelta  area.  The  Yukon  prodelta  contains  sediment  that  is  in  the  fine 
sand  to  silt  range  which  is  often  associated  with  liquefaction  due  to 
cyclic  loading  on  shore.  Storm  waves  propagating  northward  from  the 
Bering  Sea  generate  large  cyclic  bottom  shearing  stresses  in  Norton 
Sound.  This  could  result  in  liquefaction  and  movement  of  large  sheets 
of  sediment  within  this  area.  The  first  sounding  (Figure  15c)  is  from  a 
more  protected  area  to  the  northwest  and  the  second  (Figure  15d)  from  an 
area  on  the  west  side  that  is  more  exposed  to  intense  storm  activity. 
It  is  apparent  that  the  sediment  in  the  protected  area  is  not  as  dense 
as  the  sediment  in  the  exposed  area  (Figure  15d). 


Figure  14.  Four  of  Norton  Sound's  sounding  locations. 
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Figure  15.  Example  XSP  sounding  records  from  Norton  Sound  for 
the  four  soundings. 
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Figure  16.  Correlation  of 
friction  ratio,  cone 
pressure,  and  sediment 
type  for  the  four  sound¬ 
ings  at  Norton  Sound. 


Port  Hueneme,  California 

The  XSP  was  tested  at  a  site  offshore  Port  Hueneme  in 
February  1982.  The  purpose  of  the  testing  was  to  evaluate  the  XSP  and 
its  water- jetting  system  in  a  mixed  seafloor  and  to  provide  data  for  an 
anchor  holding  capacity  project. 

Six  soundings  were  conducted  with  the  XSP  in  the  40- foot  mode  at 
the  site  offshore  from  Port  Hueneme  (Figure  13b).  A  detailed  map  of 
the  sounding  locations  given  in  LORAN-C  coordinates  is  shown  in 
Figure  17.  The  NCEL  Ocean  Research  Craft  (ORC)  (warping  tug)  was  used 
as  the  support  vessel.  The  XSP  was  deployed  using  a  crane  and  lowered 
to  the  seafloor  from  the  A-frame  with  a  line. 

One  minor  problem  with  the  XSP  occurred  in  conducting  this  test. 
The  jetting  sleeve  malfunctioned  at  the  beginning  of  the  testing. 
Side-by-side  soundings  (with  and  without  jetting)  were  done  for  compari¬ 
son  of  the  effect  of  jetting  on  the  cone  data.  Soundings  1,  3,  and  4 
were  conducted  with  jetting  at  a  water  flow  rate  of  about  50  gpm  and  a 
pressure  of  50  psi ;  soundings  2,  5,  and  6  were  done  with  no  jetting. 
Examples  of  reduced  sounding  data  from  this  location  are  shown  in 
Figures  10  and  11.  Figure  10  is  sounding  2  where  the  water  jet  was  not 
used  and  Figure  11  is  sounding  4  where  the  water  jet  was  used.  These 
two  soundings  were  separated  by  about  100  feet.  It  should  be  noted  that 
10  more  feet  of  penetration  was  achieved  when  the  water  jet  was  used. 
The  data  were  consistent  between  soundings,  proving  the  XSP  is  capable 
of  providing  reproducible  data.  Stratigraphy  developed  from  each  of  the 
six  soundings  is  shown  in  Figure  18. 
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Two  cores  were  taken  with  an  Alpine  Vibracore  at  the  LORAN-C 
sounding  locations  of  both  soundings  1  and  2.  The  stratigraphy  devel¬ 
oped  from  the  core  data  is  shown  in  Figure  19  as  is  the  stratigraphy 
developed  from  soundings  1  and  2.  The  stratigraphy  from  sounding  1 
compares  favorably  with  the  stratigraphy  from  cores  1  and  2  taken 
nearby.  The  same  good  comparison  is  found  between  cores  3  and  4  and 
nearby  sounding  2.  This  again  shows  that  the  XSP  provides  reliable 
data. 

San  Francisco  Bay,  California 

The  XSP  was  tested  at  a  site  in  San  Francisco  Bay  (Figure  13a)  on 
16  June  1982.  This  testing  was  to  evaluate  the  XSP  in  a  silty-clayey 
(usually  called  a  "mud")  seafloor  and  to  provide  supporting  soil  data 
for  an  anchor  holding  capacity  project. 

Three  soundings  were  conducted  with  the  XSP  in  the  40-foot  mode 
using  an  LCU  as  the  support  vessel.  The  LCU-1466  was  provided  by  the 
481st  Transportation  Company  (Heavy  Boat)  of  the  U.S.  Army  Reserves. 
The  XSP  was  handled  with  a  crane  loaded  on  the  LCU  and  tied  down  to  the 
deck.  The  XSP  was  laid  down  on  deck  with  the  top  end  hanging  out  over 
the  bow  (Figure  5).  The  locations  of  the  soundings  are  shown  in 
Figure  20.  Exact  coordinates  for  sounding  locations  of  soundings  1 
through  3  are  not  known  because  navigation  equipment  was  not  available. 

The  first  sounding  reached  a  subbottom  depth  of  29  feet,  and  the 
second  sounding  reached  38  feet.  The  third  sounding  was  terminated  at 
20  feet  because  the  increasing  current  was  causing  the  ship  to  drift 
away  from  the  structure  which  made  it  increasingly  difficult  to  retrieve 
the  structure.  The  data  from  these  soundings  showed  the  soil  to  be  a 
very  soft  silty  clay  to  clayey  silt.  The  overburden  pressure  was  sub¬ 
tracted*  from  the  cone  pressure  in  the  analysis  of  these  data.  The  data 
from  the  second  sounding  is  shown  in  Figure  21. 

No  problems  were  encountered  in  using  the  XSP,  except  for  the 
ship's  inability  to  maintain  station. 


If  it  is  not  subtracted,  it  changes  the  soil  classification  to  an 
incorrect  classification. 
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Figure  18.  Stratigraphy  test  site  developed  from  XSP  data  taken  at 
Port  Hueneme  on  19  February  1982. 
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Coronado,  California 


The  XSP  was  tested  at  a  site  offshore  from  Coronado,  Calif. 
(Figure  13d).  A  total  of  15  soundings  were  made  with  the  XSP  in  the 
20-foot  mode  on  31  October  1982.  The  XSP  was  deployed  from  the  deck  of 
the  NCEL  Ocean  Research  Craft  (ORC)  (warping  tug)  with  the  crane 
(Figure  6).  This  site  was  used  by  the  Offshore  Bulk  Fuel  Supply  (OBFS) 
to  install  a  Single  Point  Mooring  (SPM)  buoy  using  four  large  drag- 
embedment  anchors.  The  locations  of  these  anchors  were  marked  with 
bouys  (Figure  22)  and  labeled  North,  South,  East,  and  West.  Three  XSP 
soundings  were  conducted  at  each  of  the  four  anchor  marker  buoys;  two  of 
the  three  used  jetting  at  a  water  flow  rate  of  50  gpm  and  a  pressure  of 
50  psi.  Three  other  soundings  (numbers  13,  14,  and  15)  were  taken  in 
the  area  probing  for  the  cobble  layer  detected  with  a  jet  probe  in 
February  1981.  The  data  were  very  consistent  from  sounding  to  sounding. 
An  example  is  provided  in  Figure  23.  The  stratigraphy  developed  from 
the  15  soundings  is  shown  in  Figure  24.  Those  soundings  conducted 

without  jetting  reached  7  to  8  feet  in  depth.  For  three  of  the  sites, 

the  soundings  with  jetting  reached  from  8-3/4  to  9-1/2  feet  in  depth. 
At  the  East  Buoy,  however,  refusal  was  met  on  one  sounding  at  5-1/4  feet 
with  jetting  and  at  7-1/2  feet  for  the  remaining  two  soundings  (one  with 
and  one  without  jetting).  Refusal  may  have  been  met  at  5-1/4  feet  due 
to  hitting  a  cobble  layer  or  rock  since,  at  the  end  of  the  testing,  the 
cone  tip  was  found  to  be  flattened.  The  last  three  soundings  were  done 
to  probe  and  map  the  area.  One  sounding  was  shoreward  of  the  buoys 

where  refusal  was  met  at  6-1/2  feet,  and  the  other  two  were  seaward  of 

the  buoys  where  refusal  was  met  at  9-1/2  feet.  The  results  of  these 
soundings  are  similar  to  those  of  jet  probing  done  at  the  same  sites 
(Figure  25). 

No  problems  were  encountered  in  conducting  these  soundings.  How¬ 
ever,  it  is  apparent  that  very  dense  sands  or  cobble  layers  cannot  be 
penetrated  with  the  10,000  pounds  of  thrust  which  can  be  developed  by 
the  XSP. 


DISCUSSION 

In  general,  the  XSP  has  shown  itself  to  be  a  reliable  piece  of 
equipment  for  gathering  in-situ  soil  data.  A  total  of  64  soundings  were 
performed,  and  the  only  major  problem  encountered  was  on  the  very  first 
sounding  when  the  cone  unit  was  broken  off  and  lost.  The  XSP  can  be 
handled  easily  if  the  support  vessel  has  the  proper  amount  of  space  and 
lifting  equipment.  The  easiest  way  to  deploy  the  XSP  is  with  a  deck 
crane  (Figure  6).  However,  it  was  demonstrated  during  the  tests  at 
Norton  Sound  that  the  XSP  can  be  deployed  from  a  horizontal  position 
when  held  by  davits  over  the  side  of  the  ship  (Figure  7).  Successful 
deployment  and  recovery  of  the  XSP  requires  a  stationary  support  vessel. 
Deployment  has  been  made  in  sea  state  2,  and  it  is  anticipated  that  sea 
state  3  is  a  limiting  condition  (depending  on  the  support  vessel  and 
handling  procedures). 


Coronado  XSP  test  site,  20- foot  mode,  31  October  1982. 
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Figure  25.  Jet  probe  data  from  Coronado  sites  (12  February  1981). 


The  electronics  and  electrical  systems  have  performed  well  with  the 
exception  of  the  jetting  sleeve.  It  failed  several  times  during 
testing,  and  its  use  was  eventually  discontinued.  Its  purpose  was  to 
help  evaluate  the  effect  of  the  water  jet  on  the  data  from  the  cone  and 
friction  sleeve  as  a  sounding  is  in  progress.  The  evaluation  was  done 
by  performing  side-by-side  soundings  with  and  without  jetting  and  com¬ 
paring  the  data. 

The  jetting  did  aid  penetration.  At  the  soundings  near  Port 
Hueneme  full  penetration  was  achieved  when  jetting  was  used  (Figure  11). 
When  it  was  not  (Figure  10),  refusal  was  met  at  a  dense  sand  layer  at 
25  feet  of  penetration.  At  Coronado  there  was  no  significant  difference 
in  penetration  with  or  without  jetting  (Figure  24).  Refusal  in  all 
tests  was  essentially  met  at  the  cobble  layer.  However,  with  jetting, 
on  the  average,  there  was  modest  additional  penetration.  The  jet  was 
not  used  in  Norton  Sound  or  in  San  Francisco  Bay. 

The  stratigraphies  developed  from  the  Port  Hueneme  (Figure  18)  and 
the  Coronado  soundings  (Figures  18  and  24,  respectively)  show  that 
jetting  does  not  influence  the  cone  or  friction  sleeve  data.  In  a 
highly  layered  seafloor  at  the  Port  Hueneme  site,  the  stratigraphies 
developed  with  and  without  the  jetting  are  in  good  agreement.  For  the 
Coronado  sites,  jetting  and  nonjetting  stratigraphies  are  nearly 
identical . 

Stratigraphies  developed  from  the  XSP  data  have  been  compared  to 
historical  core  records  and  cores  taken  at  the  test  sites.  There  are 
too  many  profiles  from  Norton  Sound  to  present  in  this  report,  but  in 
general  the  XSP  stratigraphy  compared  well  to  the  core  stratigraphy. 
The  data  at  Port  Hueneme  show  good  agreement  to  core  records 
(Figure  19).  No  core  was  taken  at  the  San  Francisco  Bay  site,  but  the 
geology  of  the  test  area  has  been  well-defined  (Corps  of  Engineers, 
1963).  The  test  area  was  in  young  bay  mud;  the  XSP  identified  the  soil 
as  a  silty-clay  to  clayey  silt.  For  this  site,  the  data  indicate  an 
undrained  shear  strength  of  nearly  zero  at  the  soil  surface,  increasing 
to  about  3  psi  at  a  soil  depth  of  38  feet.  Undrained  shear  strengths  of 
these  values  are  very  indicative  of  young  bay  mud.  At  Coronado,  no 
cores  were  taken,  but  the  soil  profile  was  determined  with  jet  probings 
at  the  XSP  sounding  locations.  The  general  agreement  between  the  jet 
probe  stratigraphy  and  the  XSP  stratigraphy  is  good  (Figure  25). 

The  data  acquired  from  replicate  soundings  showed  good  agreement, 
which  is  a  recognized  advantage  of  cone  penetration  testing. 


CONCLUSIONS 

1.  The  XSP  cone  penetrometer  is  a  reliable  piece  of  equipment  for 
gathering  in-situ  soil  data  at  subbottom  depth  of  40  feet  in  up  to 
200  feet  of  water. 

2.  The  water- jet  system  aids  penetration  but  does  not  allow  pene¬ 
tration  through  very  dense  sands  or  cobble  layers. 

3.  The  water  jet,  when  used  as  described  in  this  report,  does  not 
affect  the  penetrometer  data. 


4.  The  sounding  data  (friction  sleeve  and  cone  pressure)  are 
repeatable  from  test  to  test. 

5.  The  sounding  data  can  be  interpreted  readily  to  determine  soil 
stratigraphy  (using  Figure  12).  This  stratigraphy  compares  well  to  core 
records  and  other  data  used  for  comparison. 

6.  The  XSP  is  a  reliable  device  for  gathering  marine  soil  data  to 
assist  the  Navy  in  siting  and  designing  facilities  and  structures  in 
marine  cohesionless  sediments. 


RECOMMENDATIONS 

1.  The  XSP  should  be  maintained  ready  for  use  on  projects 
requiring  geotechnical  data.  The  device  should  be  available  to  the  Navy 
to  assist  in  surveying  underwater  sites  and  in  designing  of  seafloor 
facilities  and  structures. 

2.  Evaluation  of  the  XSP  cone  penetrometer  should  be  continued  as 
it  is  used  in  various  seafloors  on  these  projects.  Cores  should  also  be 
taken  at  sounding  locations  to  continue  evaluation  and  perhaps  for 
modifications  of  Figure  12. 

3.  The  XSP  should  be  updated  to  include  a  piezocone.  This  piezo¬ 
cone  measures  pore  water  pressure  response,  which  has  been  shown  to 
affect  CPT  data  (ESOPT,  1982). 

4.  To  increase  the  XSP's  usefulness,  the  water-depth  capability 
and  soil  penetration  depth  capability  should  be  extended. 
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Appendix 

INTERPRETATION  AND  USE  OF  CPT  DATA 


CORE  PENETRATION  TEST  (CPT)  PRACTICE 

The  CPT  was  introduced  in  Europe  about  50  years  ago  and  recently 
has  gained  acceptance  in  many  countries.  Its  initial  application  was  to 
pile  design  as  the  test  resembles  a  model  pile  test.  However,  research 
has  extended  its  utility  to  soil  classification  and  determination  of 
relative  density,  friction  angle,  settlement  on  sand,  and  clay  impressi¬ 
bility.  Also,  methods  for  designing  shallow  foundations  from  CPT  data 
have  been  developed.  Many  papers  on  CPT  test  equipment  and  data  inter¬ 
pretation  can  be  found  in  the  proceedings  of  two  Eurpoean  Symposiums  on 
Penetration  Testing  reported  in  ESOPT  (1975)  and  (1982). 

Soil  Properties 


Soil  Classification.  Efforts  to  classify  soils  with  the  CPT  were 
first  reported  in  Begemann  (1965).  His  method  was  based  on  the  ratio  of 
sleeve  friction  to  cone  pressure  (i.e.,  the  friction  ratio).  In 
essence,  he  found  that  the  friction  ratio  increased  as  median  grain 
diameter  decreased.  Begemann 's  observations  have  been  generally  con¬ 
firmed  by  others  who  developed  soil  classification  charts.  Common  to 
classification  charts  is  a  dependence  on  the  cone  type  used  and  the 
difficulty  in  classifying  mixed  (sand/silt/clay)  soils.  Of  interest  to 
the  Navy  are  classification  charts  developed  for  electrical  friction 
cones  as  this  is  the  type  of  cone  used  in  offshore  investigations. 
Martin  and  Douglas  (1981)  published  such  a  chart  (Figure  12)  which  is 
perhaps  the  most  comprehensive  classification  chart  available.  Work  has 
also  been  done  to  extend  CPT  soil  classification  to  carbonate  soils 
(Beringen  et  al.,  1981).  In  Beringen's  chart,  cone  resistance  is  used 
to  estimate  the  degree  of  cementation.  Other  parameters  (e.g. ,  grada¬ 
tion  and  microscopic  examination)  are  used  to  further  classify  calcar¬ 
eous  soils. 

Relative  Density.  Relative  density  can  be  estimated  from  CPT  cone 
pressure  data  but  is  confounded  by  lateral  stresses,  grain  size,  depth 
of  overburden,  and  other  parameters.  Consequently,  theoretical 
approaches  to  determining  density  have  not  proved  as  successful  as 
empirical  procedures.  Caution,  however,  is  warranted.  Vi  1  let  and 
Mitchell  (1981)  pointed  out  that  these  empirical  relationships  are  not 
unique  but  vary  according  to  the  sand  being  penetrated.  Schmertmann 
(1978)  presented  a  plot  of  cone  pressure  versus  vertical  effective 
stress  for  different  relative  densities  (Figure  26).  These  curves  are 
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for  normally  consolidated  sands.  For  overconsolidated  sands,  he  sug¬ 
gests  a  method  of  calculating  an  equivalent  normal  consolidated  sand 
cone  pressure  from  the  measured  overconsolidated  sand  cone  pressure  for 
use  in  Figure  26. 


qcOC  e  _3  KoOC  (1) 

qcNC  =  4  ^Nc' 

where:  qcOC 
qcNC 

K  ' 

oOC 


=  cone  pressure  for  overconsolidated  sand 

=  cone  pressure  for  normally  consolidated  sand 

=  coefficient  of  lateral  pressure  for  overconsolidated 
sand 


k  1 
oNC 


=  coefficient  of  lateral  pressure  for  normally  consolidated 
sand 


‘"d  Sst  .  (OCR)o.« 

oNC 


(2) 


Villet  and  Mitchell  have  shown  that  this  relationship  can  be 
improved  by  performing  one  or  two  triaxial  tests  to  define  the  relative 
density-friction  angle  relationship.  With  this  data  a  procedure  by 
Durgunoglu  and  Mitchell  (1975)  can  be  used  to  develop  a  complete  rela¬ 
tive  density,  overburden  pressure,  cone  pressure  relationship.  This 
procedure  provides  better  accuracy  but  is  more  complex  and,  therefore, 
is  not  presented  here.  With  this  procedure,  relative  density  relation¬ 
ships  can  be  tailored  for  a  particular  sand. 

Friction  Angle.  Friction  angle  for  a  given  sand  is  proportional  to 
relative  density  and  can,  therefore,  be  estimated  from  a  relative  den¬ 
sity  determined  as  described  previously.  An  example  of  this  type  of 
relationship  is  shown  in  Figure  27  (Schmertmann,  1978).  The  relation¬ 
ship  can  be  developed  from  one  triaxial  test  by  establishing  a  single 
point  on  the  graph  and  drawing  a  line  that  follows  the  trend  shown. 
Another  method  is  shown  in  Figure  28  (Mitchell  et  al.,  1978).  With  this 
graph,  the  friction  angle  can  be  estimated  directly  from  the  cone  pres¬ 
sure  and  the  overburden  pressure.  As  with  the  relative  density  rela¬ 
tionship  of  Figure  26,  the  curves  given  in  Figures  27  and  28  must  be 
applied  with  engineering  judgment.  In  addition  to  these  simple 
approaches  for  estimating  friction  angle,  the  Norwegian  Institute  of 
Technology  (Senneset  et  al.,  1982)  has  developed  a  method  in  which  pore 
pressure  is  measured.  The  cone  used  must  be  a  piezocone.  The  pore 
pressure  information  is  used  to  convert  total  stress  data  to  effective 
stress  data,  thereby  eliminating  some  of  the  empiricism  of  previous 
methods. 
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Figure  26.  correlation. 


Effective  Overburden  Pressure  (kg/cm^> 


Figure  27.  Triaxial  cell  friction  angles 
for  various  sands  as  a  func¬ 
tion  of  relative  density 
(Scl.mertmann ,  1978). 


C'P'I  Bearing  Capacity  ■  ij  (kg/cm^) 

Figure  28.  Method  for  ost  imat  ini;  effee- 
t  i  vc  .mg  i  e  of  I  r  i  e  t  i on  (  :  1  1 
I  rum  slat  ie  cone  bearing 
res i s t  mice  to.)  ( ! rom 
Mitchell  et  a'].,  I ‘1/8). 
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Undrained  Shear  Strength  of  Clay.  The  undrained  shear  strength  of 
clayey  soils  can  be  determined  from  the  formula 


q  -  o 
c  vo 


where:  s^  =  undrained  shear  strength 

qc  =  cone  pressure 
c*vo  =  total  overburden  pressure 
=  cone  factor 


The  average  value  of  N.  is  15  with  a  variation  of  about  ±5.  The  recom¬ 
mendations  on  how  to  select  the  best  for  reducing  data  are  confusing. 
In  his  paper,  deRuiter  (1982)  recommends  a  value  of  10  to  15  for  nor¬ 
mally  consolidated  clays  and  15  to  20  for  overconsolidated  clays. 
However,  Schmertmann  (1978)  indicates  the  Nk  varies  according  to  cone 
type  and  clay  strength.  He  says  data  suggest  that  weaker  clays  have 
higher  Nk's  and  stronger  clays  have  lower  N  's.  However,  each  author 
suggests  Kthat  caution  be  used  and  that  a  local  correlation  be  made, 
preferably  using  a  value  backfigured  from  a  failure.  Further  research 
with  piezocone  data  may  narrow  the  range  of  Nk-  The  work  of  Senneset 
et  al.  (1982)  indicates  that  estimates  of  s  can  be  made  from  one  data 
that  include  the  effect  of  pore  water  pressures.  By  subtracting  the 
pore  water  pressure  piezocone  data  from  the  cone  pressure  some  of  the 
scatter  can  be  reduced. 

qc  Mc  (4) 


where:  mc  =  pore  pressure  near  the  cone 
Nk  =  effective  cone  factor  (9±3) 


The  likely  variation  of  Nk  is  ±3. 
Other  Properties 


Estimates  of  the  remolded  strength  and  sensitivity  of  clays  can  be 
made  when  a  friction  cone  is  used.  Schmertmann  (1978)  has  presented 
these  methods  and  states  that  they  represent  one  measure  of  these  prop¬ 
erties.  Schmertmann  also  indicates  overconsolidation  of  clays  can  be 
estimated,  but  large  errors  may  be  involved.  Compression  moduli  for 
sands  and  clays  can  be  estimated  with  empirical  correlations  (Senneset 
et  al.,  1982).  When  a  piezocone  is  used,  the  coefficient  of  consolida¬ 
tion  of  a  clay  can  be  roughly  determined  (Senneset  et  al. ,  1982). 
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However,  the  CPT  test  must  be  performed  so  that  pore  pressure  dissipa¬ 
tion  curves  can  be  determined,  which  means  the  cone  must  be  stopped 
periodically.  As  a  result,  the  time  required  to  perform  a  cone  sounding 
is  very  significantly  increased. 


PILE  DESIGN 

Pile  design  from  CPT  data  is  separated  into  two  parts:  end  bearing 
and  side  friction.  Procedures  for  estimating  end  bearing  resistance 
were  first  developed  in  The  Netherlands  several  decades  ago  and  have 
been  under  continuous  development  since  then.  Procedures  for  estimating 
frictional  resistance  followed  the  development  of  the  friction  sleeve  on 
the  CPT.  The  procedures  that  follow  are  for  driven,  straight-sided 
displacement  piles  as  summarized  by  Schmertmann  (1978). 


End  Bearing  Resistance 


For  all  soils,  the  pile  tip  is  assumed  to  be  supported  by  a  zone 
soil  from  0.7d  to  4d  (d  =  pile  diameter)  below  the  tip  to  8d  above  the 
tip.  The  lowest  below-tip  end  bearing  contribution  is  found  using  the 
procedures  shown  in  Figure  29.  However,  the  cone  record  is  searched  to 
lOd  below  the  pile  tip  to  check  for  a  weaker  layer  of  significance.  If 
such  a  weaker  layer  is  found,  this  governs  the  weakest  path  rule  in 
Figure  29.  For  the  above  tip  contribution,  if  there  are  a  few  abrupt 
cone  pressure  reductions  and  recoveries,  they  can  be  ignored.  Because 
of  uncertainties  involved  in  developing  cone  tip  pressures,  a  cutoff  of 
300  kg/cm2  is  usually  applied  to  the  cone  pressure.  Also,  pile  tip 
pressures  are  limited  to  150  kg/cm2  in  sands  and  100  kg/cm2  in  very 
silty  sands.  In  clays,  these  procedures  have  been  found  applicable  when 
undrained  shear  strengths  are  less  than  7  psi.  For  higher  strength 
clays,  Schmertmann  recommends  reducing  end  bearing  according  to  the 
adhesion  factors  given  in  Figure  30.  These  factors  will  reduce  tip 
capacity  by  a  larger  percentage  as  soil  strength  increases. 


Side  Friction 


Nottingham  (1975)  developed  an  empirical  procedure  for  estimating 
pile  friction  that  can  be  applied  to  both  sands  and  clay  soils.  This 
procedure  has  the  advantage  that  a  direct  measure  of  soil  adhesion  is 
used  in  the  design.  The  formula  used  is: 


uu  -  _ _ 

y*  4^  f  a1  +  S  f  a* 

‘•C  £=0  8d  S  S  8a  S  » 


where:  Qg  =  total  ultimate  pile  friction 

K  =  correction  factors  for  sands  and  clays  to  be  applied 
s,c  to  f 

s 

£  =  depth  to  which  f  is  being  considered 
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d  =  pile  diameter 


f  =  unit  local  friction  sleeve  resistance 

=  pile-soil  contact  area  over  f  depth  interval 
L  =  total  embedded  pile  length 


CPT  Cone  Pressure,  q 


t 


.  Hcl  +  %2 

pile  cntl  bearings  qp  =  - - - 


qcl  -  Average  qc  over  a  distance  of  y  (diameter),  when  y  is  any  value 
(y  d)  below  the  pile  tip  (path  a-b-c).  Sum  qc  values  in  both  the 
downward  (path  a-b)  and  upward  (path  b-c)  directions.  Use 
actual  qc  values  along  path  a-b  and  the  ;inimum  path  rule  along 
path  b-c.  Compute  qcj  for  y-valucs  from  (>.7d  to  4.0d  and  use 
the  minimum  qcj  value  obtained. 

qc2  =  Average  qc  over  a  distance  of  8d  above  the  pile  tip  (path  c-e). 

Use  the  minimum  path  rule  as  for  path  b-c  in  the  qcj  computations. 
Ignore  any  minor  "x”  peak  depressions  if  in  sand,  but  include  in 
minimum  path  if  in  clay. 


Figure  29.  Dutch  procedure  for  predicting  pile  tip  capacity 
(from  Schmertmann,  1978). 


The  correction  factors  K  and  K  can  be  found  in  Figure  31.  Other 
procedures  are  also  available  ancf  are  reported  by  Schmertmann  (1978). 
One  method  involves  estimating  s  and  then  reducing  it  by  multiplying  by 
the  factor  given  in  Figure  30.  Another  incorporates  effective  stress  by 
Including  overburden  pressure  but  still  relies  on  an  empirically  derived 
factor.  The  method  presented  herein  has  been  demonstrated  by  Schmert¬ 
mann  and  has  given  good  results;  therefore  it  is  recommended.  Negative 
side  friction  caused  by  downloading  on  the  pile  by  the  soil  is  usually 
taken  as  two-thirds  of  the  positive  friction  values. 


< 
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Kiuiiri'  30.  Correlations  of  clay  adhesion- 
pile  ratio  with  undrnined  shear 
strength  ( Schmer t mann ,  1978). 

The  factor  of  safety  recommended  by  Schmertmann  for  piles  designed 
from  electrical  friction  cones  is  2.25.  This  factor  is  applicable  to 
tip  bearing  and  side  friction  and  should  result  in  a  factor  of  safety  of 
at  least  2.0  to  the  yield  point. 

Methods  are  also  available  for  analyzing  tapered  piles,  friction 
with  no  friction  sleeve  data,  capacity  variations  due  to  pile  shape,  and 
insertion  method.  The  reader  is  referred  to  Schmertmann  (1978)  for 
these  details. 

Bearing  Capacity 

Bearing  capacity  can  be  estimated  by  the  Terzaghi  bearing  capacity 
equation  or  by  graphs  that  convert  cone  pre*  jure  directly  to  bearing 
capacity.  Schmertmann  recommends  using  the  Terzaghi  equation,  which  is 
valid  for  footing  embedment  to  0/B  si.  5  (depth  to  width  or  diameter 
ratio). 


q  =  +DN  +cN 

2  y  <1  c 


where: 


q  =  unit  bearing  capacity 
Y  =  unit  weight  of  soil 
B  =  footing  width  or  diameter 
0  -  footing  depth 
c  =  soil  cohesion 


Ny,  Nq,  Nc  =  bearing  capacity  factors 


N  and  N  are  estimated  as 
Y  Q 


0.8  N  *  0.8  N  *  q„ 
Y  q  c 


0-1.5  B 


In  kgf/cm 


(6) 


(7) 
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(a)  For  sand. 


I'ij’.ure  31.  Current  ion  fan  tors  to  bo  applied  in 
Fount ion  3  (Nottingham,  1975)  ( f rom 
Schmert mann ,  1978). 


where  q  is  the  average  cone  pressure  from  the  soil  surface  to  a  depth 
of  1.5  footing  widths  (kgf/cm2). 

A  factor  of  safety  of  2  to  3  is  then  applied  to  obtain  the  allow¬ 
able  bearing  pressure.  This  procedure  will  result  in  error  if  the  cone 
pressure  is  being  significantly  affected  by  pore  pressure  effects. 

Clay  bearing  capacity  is  more  directly  related  to  the  cone 
pressure.  For  shallow  footing,  the  cone  pressure  for  1.5  footing  widths 
below  the  footing  can  be  averaged  to  obtain  the  ultimate  footing 
pressure.  The  allowable  footing  pressure  is  obtained  by  applying  a 
factor  of  safety  of  2  to  3. 

Settlement 

Settlement  of  footings  on  sand  and  clays  can  be  estimated  using  CRT 
data.  The  results  for  sand  are  quite  adequate  for  the  static  loading 
conditions  for  which  the  procedures  apply.  For  clays,  more  uncertainty 
exists,  and  the  results  give  more  of  a  qualitative  indication  of  settle¬ 
ment  rather  than  a  quantitative  estimation.  The  procedures  involved  in 
making  settlement  estimates  are  too  involved  to  present  here.  The 
reader  is  referred  to  Schmertmann  (1978)  for  details  regarding  these 
procedures. 


« 


50 


LIST  OF  SYMBOLS 


a; 

B 

c 

D 

Dr 

d 

f 

s 

GWT 


s,c 

k;oc 

KoNC 

L 

a. 


K 


N,  N  ,  N 

’  n  ’  r 


Nk 

OCR 


q 

qc 

qcOC 

qcNC 


pile-soil  contact  area  over  f  depth  interval 

footing  width  or  diameter 

soil  cohesion 

footing  depth 

relative  density 

pile  diameter 

unit  local  friction  sleeve  resistance 
ground  water  table 

correction  factors  for  sands  and  clays  to  be  applied  to  f 

coefficient  of  latera’  pressure  for  overconsolidated  sand 

coefficient  of  lateral  picture  for  normally  consolidated  sand 

total  embedded  pile  length 

depth  f  being  considered 

effective  cone  factor  (9  or  ±3) 

bearing  capacity  factors 

cone  factor 

overconsolidation  ratio 
total  ultimate  pile  friction 

average  cone  pressure  from  the  soil  surface  to  a  depth  of 
1.5  footing  widths  (kgf/cm2) 

unit  bearing  capacity 

cone  pressure 

cone  pressure  for  overconsolidated  sand 
cone  pressure  for  normally  consolidated  sand 
undrained  shear  strength 
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total  overburden  pressure  (vertical) 

pore  pressure  near  cone 

unit  weight  of  soil 

adhesion  ratio 

angle  of  internal  friction 
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ARAIA  ENVIRON  IIAl.llM  At  it  A  IISI-IAA  AA  ;.|V  i  (4u.il  I  nt  I  )rv  Alviiiccn  I’nn  (mid  All) 

ARAIA  LOGISTICS  COMMAND  (  ode  All  All  I -Ms  iMomsscll)  toil  la.  A  A 

ARAIA  MA!  SA  S  ANAIASIS  At  I  (oik  DKXSA-CM  lAI  Ogor/.ilck)  Al'cnlmi  Proving  (,nul  AID 

ARAIA  MA  1 1  RI  ALS  A  All  ill  ASKS  Rl  SI  AIM  1 1  (  I  N  1 1  R  Dr  I  cnoc.  AA.iMi.mn  Al  A 

ARAIA  NK  'Mil  101  1 1’  R.Sl)  COM  DRDAIF-GS  fuel  Kill  Hr.  I  I  Helvoir.  A  A 

ARAIA  A!  I  All  Inins  I  ngr  Asicna  All  III  .  Newport  News.  A  A 

ARAIA  1RANSPORI  A  I  ION  SCHOOI  (oik  A  I  Sl»( )  ('I)-'I  I  Ion  I  nsiis.  AA 

ARAIA  I  RN(  1  A  DOC  I  RINI  (  All)  (  oik  A  ICD-SI  |-orl  Monroe.  A  A 

ARMS  -All  RADCOSI  Cl  1.0  Inti  I  «>rl  Helvoir  AA:  DRDAII  AIR  (.1  Nargciiil  11  Belvoii  A  A:  DRDAILAAl 
I A  Helvoir  A  A 

ASS  I  SI  (  RE  VARY  1)1  Till  NAVY  Spec.  Assisi  Submarines.  Washington  DC 
HI  Rl  Al  Ol  Rl  (I  A  A I  Alios  (ode  1512  ((  Selamler  I  Denver  CO 
Cl  NCI  AN  I  (IV  I  NOR  Si  TP  PI  ANS  OUR  NORFOLK.  A  A 
CINCPAC  I  .k  I: n. trill!  Dii  1.144)  M.ikalapa.  III 

(  NM  Cmle  (I. >4(0  Washington  (X  Cwle  04  >  Washington  DC',  (  wile  MAI-04.  SYnshingtnn.  D(  .  MA’l'-lVTls. 
Washington.  IX.  NAIA'I  -  044.  Washington  IX 

(  NO  Code  NOP-%4.  Washington  |)(  .  Code  OP  04.  Washington  IX  .  (  ode  OP  424.  AA ashingloil  DC:  (  ode  OP 
414.  Washington  DC:  Code  OP  07  Washington  DC:  Code  OP  l)7  Washington.  DC:  (  ode  OP  1>,N7  Washington 
IK  :  Code  OP424  Washington  DC;  Civile  OPNAA  n>)H24  (III:  (  ode  OPNAA  22.  AA'ash  DC:  Code  OPNAA 
24.  AVasli  IX  :  OP-41  IF.  Wash  DC:  OP0S7.I.  Washington.  IX 
(  OAK  HI.AN  I  Code  S41 
COMCBPAC  Operations  Oil.  Alakalapa  II! 

( OMDI  S  GRPONF.  CMDR  San  Die. to.  CA 
tOMFAIRMF.D  SOE.  C  ode  N55.  Naples  IT 
(OAll-l  FACT.  OKINAWA  SCF.  Yokosuka  Japan 
(  OMNAVHEAl  IIPIIIISREFI  RAGRU  ONI  Sail  Diego  CA 
COM  NASA!  A  RIAN  AS  Code  N4.  Guam 
( OAINAA'SUPPFORAN  I'ARCTICA  PWO  Del  Christehureh 
COMNASSl'RFI.ANI  Code  N-4.  Norfolk.  A  A 
COMRNCF  Nieholson.  Tampa.  FI. 

OOMSUBDEVGRUONE  Operalions  Ollr.  Sail  Diego.  CA 
COMCSN  ASCENT  N42.  Pearl  Harbor.  Ill 
NAVSl'KFPAC  Code  N-4.  Coronado 

COMOPTEVFOR  CMDR.  Norfolk.  VA:  Code  70s.  San  Diego.  CA 
DF.FF.NSl  INTELLIGENCE  AGENCY  DII-4CI  Washington  IX 

DEFFCELSUPPCEN  DFSC-OVVF.  (  lerm  F.ngrng)  Alexandria.  A  A:  DFSC-OAAI  .  Alexandria  VA 
Dl.SIE  Armv  l.ogisties  Mgl  Center.  Fori  I  ee.  VA 
DNA  STM..  Washington  DC 

DOF  Div  Ocean  Fnergv  Svs  Cons  Solar  Incrgv  Wash  IX 
DTK  Defense  Technical  Into  Or  Alexandria.  VA 

DTNSRDC  Anna  Lab  (Code  1175)  Annapolis  Ml):  Anna  lab  (Covle  IBM  Annapolis  Ml).  Alina  lab  (Code 
1 5(iK )  Annapolis  Ml);  Anna  Lab  (Code  4120)  Annapolis  AID.  Anna  lab.  (ode  2724  (I)  Hlnnnii|insi ) 
Annapolis.  MD 

FMFI.ANT  CLC  Ollr.  Norfolk  VA 
FMFPAC  CGfFLOl  tamp  Smith.  Ill 
FOREST  SERVICI  Engr  Stall  Washmglon.  IX 
(ilDF.P  OIC.  Corona.  CA 


OSA  Asms!  ( 'muni  Do  A  (list  (I  MAI  I)  R  Dihnei  W  ashmeton  I )( 

MCI'  ONI  t  ().  Bishops  I’oim.  Ill 

I.IBRARV  OK  (  ONORI  SS  Washington.  DC  iSeienees  a  Dili  Dm 

MARC OKI’S  Code  I. Ml!- 1  (Rieesi  Washington.  IX 

MCB  Isi  loi  Serv  Supp  (im  (I  iiiii  Sup  Olul  (  .imp  Pendleton  (  N 

MARINI  CORPS  RAM  PWO.  Camp  Pendleton  (  \.  PWO.  C  .imp  s  I)  Butlei.  k.iu.o.iki  l.ip.m 
MC  AS  Kaetl  Kiigi  Du  C  h«.-rr\  Poult  NO.  CO.  kune.  4k  Bav  III  I. us  M.nnl  Dept  Opeiatione  Du.  (  hem 
Pom! 

MC  Di  e  NIAil  l)i\  ll  It  R  kenl  Ouanlieo.  \  N  MAI  Du  Ouanlieo  YA:  NSAP  Rl  P  Ouanlieo  NN 
Mt  R|)  St  I  .  Sun  Dicin’  t  A 

Mil  II  ARY  Si  Al  II  I  COMMAND  Washington  Dl 
NAP  PWO,  Nlsiiei  Japan 
NAI  I  OINC.  San  Diego.  C  A 

NARK  Code  HU*,  t  hem  Point.  NO.  I  i|mpmenl  I  neineerme  Division  (Code  hlniKii.  IViis.ieol.i,  I  I 
NAS  P\V|)  -  Kiigi  Di\ .  Oik  I  l.irhor.  V\  A;  P\\  D  M.nnl  Du  .  New  Orleans.  Belle  (h.isse  I  A;  PWI).  Code 
ls:ill  l  Pl.mkueh  i  Miiamai.  SD  (A:  PWO  (Code  IS  ’I.  HeniUKla:  PWO  Belle  (h.isse.  I  A.  PWO  kev  West 
I  I  PWO  Patuxent  River  Ml):  PWO.  Cecil  i  iel.l  II  .  PWO.  Cilcmicw  II:  PWO.  So  Wevmoulh  MX:  St  I 
Norfolk.  YA 

N  \  1 1  Bl  Rl  Al  Ol  STANDARDS  kovacs.  Washington.  Dt  ;  R  t  Inins;  Washington.  IX 

N  \  1 1  Rl  SI  ARC  II  tOl  Nt  II  N  ival  Stiulies  Board.  Washington  DC 

NAYACT  PWO.  I  omlon  I  k 

NAYAl  ROSI'RI  t  .Nil  IX  I  N  SCI  Pensacola  H 

N.NN'AIRDKYC  I  N  C  ode  SI  C  Warininstei  PA 

N  \\  AIRS’!  St  OM  Code  4l'i:.\  (Mieholsl  Washington.  IX 

N  AN  t  1 1APC iRl  I  t)  W illiamshiiie  \  A:  Operations  Ollieer.  Code  ad  NN  illi.mishurg.  \  A 

N .  \  \t '( ). \S  I SN  St  I  N  to.  Panama  t  itv  (I  :  Code  '15  (I  Oimk)  Panama  Cits .  IK:  Code  715  (|  Mittlemanl 
Panama  Citv.  II  Code  “Id.  Panama  Cilv.  II  ;  C  ode  7  It  B  koesv  I  Panama  (  itv  hi.:  1  ihrarv  Panama 
t  itv .  Kl  :  PWO  Panama  Citv.  II 

NA\(  OMMARI  AMSIRSI  A  SCI  Knit  I  Naples  Italv:  SCI  .  Wahiavva  III.  See  Ollr,  Wahiawa.  Ill 
N  AVCOMMS I  A  Code  4ll|  Nca  Makri  tireeee:  PWI)  Mamt  Control  Div.  Diego  Ciarcia  Is.:  PWO.  lAmouth. 
Australia 

NAYCONSIKAl  I  N  Curriculum  I  list  r  Sisk  Ollr  (iiillport  MS 
N.W  KDI  RAPRODI  At  I  N  leehmeal  I  ihrarv.  Pensacola.  II 

NAM  11  XSYSl'DM  Code  PMK  124-C.l .  Washington.  IX  PMI  IM-hi:.  Wash  DC 
NAMODII  C  lit  I  N  C  ode  hH5.  Indian  Head  Ml) 

N.W  I  At  PWO.  Centerville  Bell.  I  erndale  t  \ 

N  \N  I  At  I  Nt  it  OM  Nlexandria.  NX:  Code  ON  Alexandria.  \  A.  Code  04 1  tlssoeloul  Alexandria.  YA:  Code 
IM|4  il)  I’otter l  Alexandria.  \  \.  Code  0415.  Alexandria.  YA:  C  ode  04AI  Alexandria.  YA:  Code  tin. 
Nlexandria  \  N:  C  ode  d')M54.  lech  I  II'.  Alexandria.  YA:  Code  loo.  Nlexandria.  NX  Code  l<Ki:B  (.1. 

1  eimants)  Alexandria.  YA:  Code  III.’.  Alexandria.  YA 
N  XYI  At  I  Nt  it  OM  -  (III  S  |)IY.  Code  405  Wash.  DO:  Code  40'  (|)  Schcesclcl  Washington.  DC:  (  ode 
IPO- 1C  Washington  DC:  Code  KI’O-IK.  Wash.  DC:  IPO-1  Washington.  IX  .  (ode  II.  Washington  DC: 
KPO-1P  IP5  Washington.  DC:  I  ihrarv.  Washington.  D  C 
NAVI  At  I  NtitOM  I  AN  I  DIN  (ode  III:.  Norfolk.  NX:  (ode  40s  (  ml  I  net  HR  Norlolk  YA:  Km  HR 
Dcpuli  Dir.  Naples  Italv.  I  ihrarv.  Norlolk.  YA 

N \Y 4  AC  INCH  OM  -  NOR  III  DIN  (Borelskv)  Philadelphia.  PA:  CO:  (ode  04  Philadelphia.  PA  (ode  (MAI  . 

Philadelphia  PA.  (  ode  OOP  Philadelphia  PA.  ROIC  C  .  Contracts.  (  lane  IN 
N  NN'KACI  NOCOM  PNC  DIN  COD!  OOP  PI  NR!  HARBOR  III.  (  ode  .’oil  Pe.nl  llaihor.  III.  Code  410. 

RD1AI  .  Pearl  llaihor  III.  I  ihrarv .  Pearl  llarhor.  Ill 
N  NN  I  AC  I  Nt  it  (  )M  SOI  III  DIN  (ode  III:.  Charleston.  SC:  (ode  4or>  Charleston.  St  .  I  ihrarv. 

(  liarleston.  S( 

N  NN  I  At  I  NOCOM  NN  I  SI  DIN  (ode  (MB  San  Bruno.  (  A.  I  ihr.uv.  Sail  lliiino.  (  A.  OOP  Si  Sail  Bruno 
(  N.  RDIAI  I  O  San  Bruno.  (  A 

N  NN  I  N(  I  NOCONI  CON  |  RAC  IS  Dir  ol  Const  r.  lupin. m.  (A.  I  lie  Div  do  Southwest  P.u  Nlamla.  PI. 

Olt  t  .  Southwest  Pae.  Manila.  PI.  OICCROK'C.  B.tlhoa  Panama  C  anal.  ()|t  t  Roll  (  Noilolk  N  X 
RO|C(  (ode  4lis  Poilsmoiilh  YA.  ROIC  C  kev  NNest  II  ;  ROIC  (  .  kellavik.  kelaiul.  R(  )|(  (  .  NAS.  Corpus 
(  liristi.  I  \.  R()|(  (  N  ap 
NNNI'ORC  NR  IB  (  ommumtei  t  N  4  2 1 .  Puerto  Rieo 
N  NN  N|  N(  i  Sev  ill  it  v  Olli  llavv.iu 
NNNtXl  NNO  I  ihiarv  Bav  St  loins  NIS 

N  \\()Ol  NNSNSt  |  N  (  ode  in  1  lulkmetonl.  San  Dieeo.  t  N  (  ode  44'N  BaVsule  I  ihr.ux.  Sail  Diego.  (  N. 

<  ode  44' s  B  (  I  eeh  I  1 1'  I  Sail  Dieeo.  (  N.  (  ode  s’ii-l  0  Siavlu"  1  San  Dieeo  (  X  (  ode  '.’ll  (II  NN  heeler  I. 
San  Dieeo  (  N.  (  ode  '"I  iR  lonesl  San  Dieeo  (  a  (  ode  s lll.u  hni.ml  San  Dieeo  (  N  lluvv.m  I  ah  (R 
N  union  I  kaifuu.  Ill  Hi  l  ah  levlr  I  ih  k.utua  111 

NNNPOStOI  (  Nlorers  Nlonteiev  (  X  (ode  id  NN  I  it)  NNikonl  Monleiev  (  X  I  Ihointon.  NIonleiev  (  A 
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NA\  PIIIBASI  CO.  AC  If  2  Norfolk  VA.  (  ( )M\ AYlfl  AC  1 l( iRC  IWO  Norlolk  VA:  Dir  Amphib  Warfare 
Ifni  Sl.itl .  Norlolk.  VA:  llarhoi  (  'car. nice  l  nil  Iwo.  I  idle  (  leek.  VA;  I’WO  Norlolk.  VA;  SC  I; 

C  oron. i Jo.  SI). (A:  I'll  I  21.  I  illle  C  reek.  VA 
N  AVRFOMI  DC  1  N  SC  I  ;  SC F.  Ciuam 
\  USCOIC  I  COKI  C  'b  Port  llueneine.  (  A 
N  \\  SC  SOI  I’WO.  Athene  CIA 

NAVSI  \SYSC()M  Code  11325.  Program  Mgr.  Washington.  DC:  Code  OOC-D.  Washington.  DC:  Code  I’MS 
505  A  5.  Washington.  DC:  C  ode  I’MS  Ids  \2.  Washington.  DC:  Code  I’MS  300.3311  (kekas).  Wash  .  DC: 

(  ode  SI  A  OCX  Washington.  DC:  l’MS-505  Al.  Washington.  DC:  PMS505-.A5.  Washington.  DC 
NAVSI  CCIRCACb  PWO  Winter  Harbor  Mb.  I’WO.  Avlak  AK 
NAVSI  CCiRl  COM  C  orle  (145.  W  ashington  DC 
NAVSIIII’RI  I’l  AC  library.  Ciuam;  SC  I  Subie  Bay 

NAVSI  lll’YD  Bremerton.  W  A  (C  arr  Inlet  Acoustic  Range):  C  ode  202  4.  l  ong  Ifeaeh  C.A.  C  ode  202.5 

(library)  Puget  Sound.  Hremerton  \V.\:  C  ode  2Nt >.  Mare  Is..  Vallejo.  (  A:  Code  2S0  2N  (Cioodvviul.  Vallejo. 

(  A:  C  orle  5SII.  Portsmouth.  \"A:  Code  4411  Portsmouth  Nil:  Code  440.  I’uget  Sound.  Hremerton  WA:  PWO 
Charleston  Naval  Shipyard.  Charleston  SC;  lech  library.  Vallejo.  (  A 
N  AVSI  A  CO  Roosevelt  Roads  PR  Puerto  Rico:  Code  l(>P.  kellavik.  Iceland:  Dir  t.ngr  Div .  I’WD.  Max  port 
II.  PW  D  II  1.1(1  I’M  Motolenich).  Puerto  Rico:  I’W  ( I.  Kellavik  Iceland:  PWO.  Mac  port  II;  SCI.  Ciuam. 
Marianas;  SCI:.  Subic  Bay.  R.P  .  Securitv  Offr.  San  Francisco.  C.A 
N  AVSCI’PO  Security  Ollr.  Sardinia 
NAVSI  RFWPNC  I  N  PWO.  Dahlgren  VA 
NAVI  FC  H  I  RAC  FN  SC  F.  Pensacola  Ft 
NAVWARCOl.  Dir  of  Facil..  Newport  Rl 
NAVWPNCFN  Code  2h3h  China  l  ake 

NW  WPNSI  A  Code  IW2.  Colts  Neck  N.l:  Fngrng  Div.  I’W  1)  Vorklown.  \  A 
N  WWI’NSI  A  PW  Office  Vorktown.  VA 

NAVWPNS  I  A  PW  D  -  Maim.  Control  Div  .  Concord.  (  A.  I’W  I)  ■  Supr  (ien  I  ngr.  Seal  Ifeaeh.  (  A:  PWO  Colts 
Neck.  NJ:  PWO.  Charleston.  SC;  PWO.  Seal  Beach  C.A 
NAV Wl’NSl  PPC  I  N  Code  (Id  Crane  IN 
NC  1C  C  onst  l  lec  School.  Port  llucncmc.  (  A 

NCBC  Coile  IP  Davtsville.  Rl:  Code  15.  Port  llueneine  (  A:  Code  155.  Port  llueneine  (  A:  (  ode  I5'2  (Bra/elel 
Port  llueneine.  C.A;  Code  I55B  tNishiinura)  Port  llueneine.  (  A.  (ode  I5<>.  Port  llueneine.  (  A  Code  I'C’I 
l\olpe)  Port  llueneine.  (  A:  Covle  I5’l.  Port  llueneine.  (  A.  Iil’iarv.  Davtsville.  Rl.  technical  librarv. 
(iullport.  MS 

NCBC  411  OK  .  Norlolk  \  A 

NCR  2P.  Commander:  3P.  Ciuam.  Commander:  3Pth  Del.  OIC  .  Diego  (larcia  I 

NMC  If  5.  SWC  I)  Wellington:  '4.  CO:  FIVF.  Operations  Dept.  1 1  IRl- 1  Operations  ()|| 

NOAA  t Mr  loseph  Vadus)  Rockville.  Ml):  l  ibrarv  Rockville.  Ml) 

NORDA  Code  410  Bay  St  Finns.  MS:  Code  44(1  (Ocean  Rsch  Ott)  Bay  St  loins  MS.  Code  500.  (Ocean  I’tog 
Olf-Fcrer)  Bay  St.  bouis.  MS 

NRI  Code  5K00  Washington.  DC:  (ode  5843  (I  Rosenthal)  Washington.  DC.  C  ode  S44I  (R  A  Skopi. 

Washington  DC 
NSC  SCI  Norfolk.  VA 
NSD  SCb .  Subic  Bay.  R  P 
N  IC  OIC  (  .  (  Bl  -41)1.  (neat  bakes  II 

M  CI. FAR  RI  CH  I  AbOR'i  COMMISSION  1C  Johnson.  Washington.  DC 

M  SC  Iff  I  C  ode  I  M23  iR  S  Miinnl.  New  I  omlon  Cl;  Covle  I  \  131  (Ci  De  la  Cru/I.  New  1  onvlon  C  l 

OFF  It  I  SI  (  Rl  I  ARY  OF  1)1  I  I  NSF  ASI)  (MR.Wl  )  Code  CSS  CC  Washington.  DC 

ONR  Central  Regional  Ollicc.  Boston.  MA:  Covle  4SI.  Bay  St.  bouis.  MS.  C  ode  4S5  (Silva)  Arlington.  \  A. 

Code  Anil  Arlington  VA 

PI  RRV  PC  I  AN  I  NCI  R  I’ellen.  Riviera  Beach.  I  I 
PI IIHC  If  I  PM  .  San  Diego.  (  A:  I.  CO  San  Diego.  (  A 

PM  1C  (  ode  '144.  lb  (rood)  Point  Mugu.  (  A;  C  ode  3331  (5  Opatovvskyl  Point  Mugu.  (  A.  FOI)  Mobile 
t  mt.  Point  Mugu.  C.A 

I’WC  CO.  I  Code  IIP.  Oakland.  (A;  Covle  IP.  (ireal  lakes.  IF;  Code  105.  Oakland.  (A:  Code  121  I  Oakland. 

(  A  Covle  12s,  Ciuam.  Covle  154  (librarv).  C ireal  bakes,  lb:  Covle  200.  Cire.u  lakes  IF.  Covle  400.  (ireal 
lakes,  II  ,  Covle  400.  Pearl  Harbor.  III:  Covle  400.  San  Diego.  (  A;  Covle  420.  (treat  lakes.  II  :  Covle  420. 
Oakland.  (  V  Code  424.  Norfolk.  VA:  Code  500  Norfolk.  VA:  Covle  500.  (ileal  lakes.  II  :  Covle  “00.  (ireat 
I  akvs.  II  .  (  ode  '00,  San  Diego.  C.A.  Code  Still.  Sail  Diego.  C.A:  Library.  Covle  I20C  .  San  Diego.  C.A: 
libi.uv.  Ciuam  librarv  Norlolk.  VA:  librarv.  Pearl  Harbor.  III.  librarv.  Pensacola.  11  .  librarv.  Subic 
Hav  It  P  .  I  ibr.uv  Yokosuka  JA.  Production  Olliccr  Norlolk.  VA 
St  l’\N\  PWO.  W  ilhantsbure  \  A 
I  (  I  ONI  OIC  Norlolk  \  A 

I  (  I  |  W  ( )  ( l|(  Port  I  liivncmc  (  A 

t  s  Nil  K  (  II  \  N  I  M  \RINI  AC  \l)l  MA  Kuies  Point  NS  i  Re  punt  (  list..,  linn  I 


I  S  DI  PT  l  >F  I N  1 1  KIOR  Mm  ol  land  Mgmni  Code  SS.>.  W .I'hinglon  IK 
l  S  GPCHOGICAt  SI  RVI  S  Otl  Marine  Geology.  Pilclcki.  Rcsion  \  \ 

I  S  NA  I  IONAl  M  ARINI  I  ISIIl  RIPS  SI  RYU  I  I lii'lil.iiul-  W  (S.mdt  1 1. v .k  i  ,ih  I  ihi.nc  I 
I  S  WVAl  IORU  S  Korea  ll  VI  l’.NOi 

l  'St  ( i  (( i-MI’-S  ISP  S’ I  \\  ashmglon  Dc:  G  I  Ol  -4  (  I  I  km  ill.  W  ashmclon.  I )(  I  ihi.n  t  I  |,|s  \\  ashinvton.  IK 
l  S((i  KA I )  Cl  Nil  R  CO  (mil. mi  Cl.  I)  Motlicrway.  Giolon  Cl.  IiIm.iii  V"  I  mid, mi  (  i 
l  SDA  l\l  Scmec  I  I  Maher)  Washington.  DC:  l  mot  Snu.v  K,e  >  IR  Ifrownl  Mbingi,  tunc.  N\l.  I  nk-M 
Sc  mix.  S.in  Dim. in.  (A 
l  SNA  1  NCiRNCi  Du.  PWI)  Annapolis  Ml) 

CSS  AJAX  Repair  Ollicci.  San  Francisco.  (  A 

W  All  R  A:  POWI  R  Rl  SOI  RC  I  S  SI  RVICI  (Snioakl  Dmui.  t  O 
ADYANCI  D  Il  C  IINOIOCO  I  Moss.  Op  Ceil  (amaiillo.  (  A 
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INSTRUCTIONS 


The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of 
the  mailing  label  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to  the  list  of 
Subject  Categories.  Numbers  on  the  label  corresponding  to  those  on  the  list  indicate  the  subject  category  and 
type  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card  away  (or  file  it  for  later 
reference). 

If  you  want  to  change  what  you  are  presently  receiving: 

•  Delete  -  mark  off  number  on  bottom  of  label. 

•  Add  -  circle  number  on  list. 

•  Remove  my  name  from  all  your  lists  -  check  box  on  list. 

•  Change  my  address  -  line  out  incorrect  line  and  write  in  correction  (ATTACH  MAILING  LABEL). 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories  you  select. 

Fold  on  line  below  and  drop  in  the  mail. 

Note:  Numbers  on  label  but  not  listed  on  questionnaire  are  for  NCE  L  use  only,  please  ignore  them. 
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DISTRIBUTION  QUESTIONNAIRE 

The  Naval  Civil  Engineering  Laboratory  is  revising  its  primary  distribution  lists. 


SUBJECT  CATEGORIES 

1  SHORE  FACILITIES 

2  Construction  methods  and  materials  (including  corrosion 

control,  coatings) 

3  Waterfront  structures  (maintenance/deterioration  control) 

4  Utilities  (including  power  conditioning) 

5  Explosives  safety 

6  Construction  equipment  and  machinery 

7  Fire  prevention  and  control 

8  Antenna  technology 

9  Structural  analysis  and  design  (including  numerical  and 

computer  techniques) 

10  Protective  construction  (including  hardened  shelters, 

shock  and  vibration  studies) 

1 1  Soil/rock  mechanics 

13  BEQ 

14  Airfields  and  pavements 

15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

16  Base  facilities  (including  shelters,  power  ger  oration,  water  supplies) 

17  Expedient  roads/airfields/bndges 

18  Amphibious  operations  (including  breakwaters,  wave  forces) 

19  Over  the- Beach  operations  (including  containerization, 

materiel  transfer,  lighterage  and  cranes) 

20  POL  storage,  transfer  and  distribution 
24  POLAR  ENGINEERING 

24  Same  as  Advanced  Base  and  Amphibious  Facilities, 
except  limited  to  cold-region  environments 


28  ENERGY/POWER  GENERATION 

29  Thermal  conservation  (thermal  engineering  of  buildings.  HVAC 

systems,  energy  loss  measurement.  pow*r  generation) 

30  Controls  and  electrical  conservation  (electrical  systems. 

energy  monitoring  and  control  systems) 

31  Fuel  flexibility  (liquid  fuel*.  coal  utilization,  energy 

from  solid  waste) 

32  Alternate  energy  source  (geothermal  power,  photovoltaic 

power  systems,  solar  systems,  wind  systems,  energy  storage 
systems) 

33  Site  data  and  systems  integration  (energy  resource  data,  energy 

consumption  data,  integrating  energy  systems) 

34  ENVIRONMENTAL  PROTECTION 

35  Solid  waste  management 

36  Hazardous/toxic  materials  management 

37  Wastewater  management  and  sanitary  engineering 

38  Oil  pollution  removal  and  recovery 

39  Air  pollution 

40  Noise  abatement 

44  OCEAN  ENGINEERING 

45  Seafloor  soils  and  foundations 

46  Seafloor  construction  systems  and  operations  (including 

diver  and  manipulator  tools) 

47  Undersea  structures  and  materials 

48  Anchors  and  moorings 

49  Undersea  power  systems,  electromechanical  cables, 

and  connectors 

50  Pressure  vessel  facilities 

51  Physical  environment  (including  site  surveying) 

52  Ocean-based  concrete  structures 

53  Hyperbaric  chambers 

54  Undersea  cable  dynamics 
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